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I.  INTRODUCTION 


The  STINGER  missile  system  is  a shoulder-fired,  surface-to- 
air  , antiaircraft  missile  consisting  of  two  stages  (launch  and  flight) 
assembled  in  a launch  tube.  The  launch  motor  burns  out  in  the  launch 
tube  before  the  missile  is  ejected  from  the  tube;  then  the  launch  motor 
separates  from  the  flight  motor  during  coast  to  a safe  distance  from  the 
operator  prior  to  ignition  of  the  flight  motor.  This  separation  is 
actuated  by  an  integral  separation  piston  assembly  which  becomes  pressur- 
ized at  launch  motor  burnout,  shears  retaining  pins  holding  the  launch 
motor  to  the  missile,  and  retards  the  launch  motor  velocity.  The  dual 
thrust  flight  motor  provides  propulsion  for  the  missile  during  flight  to 
the  target.  Thrust  during  the  boost  phase  accelerates  the  missile  to 
a velocity  sufficient  to  accomplish  the  STINGER  system  mission  and  then 
the_8ustaln  phase  maintains  the  boost  velocity  for  a time  sufficient  to 
fulfill  the  mission. 

It  is  apparent  that  the  design  of  the  STINGER  propulsion  system  is 
one  of  considerable  complexity  and  sophistication.  For  this  reason,  the 
Propulsion  Directorate  initiated,  at  STINGER  Project  Office  request,  an 
investigation  of  the  complete  propulsion  system  including  the  launch  and 
flight  motor  cases  and  propellants.  This  report  is  restricted  to  the 
case  effort;  however,  a later  report  will  address  the  propellants. 

The  purpose  of  the  evaluation  was  to  determine  the  acceptability 
of  the  STINGER  launch  and  flight  motor  cases  relative  to  STINGER  system 
requirements.  These  efforts  consisted  of  determining  the  mechanical 
properties  of  the  300  grade  maraging  steel  case  material  and  the  strength 
of  the  launch  and  flight  cases  by  hydroburst  and  the  launch  cases  by 
dynamic  burst.  The  purpose  of  the  dynamic  burst  tests  was  to  determine 
the  burst  stress  under  simulated  static  firing  conditions. 


II.  MATERIALS  AND  EQUIPMENT 

The  materials  used  in  evaluating  the  mechanical  properties  of 
the  launch  and  flight  motor  case  maraging  steel  (300  grade)  materials 
were  furnished  by  Atlantic  Research  Corporation  (ARC)  in  the  form  of 
round  bar  tensile  specimens  (Figure  1)  for  the  launch  case  and  sheet 
tensile  specimens  cut  from  actual  Marquardt  flight  cases  (Figure  2) 
with  the  curvature  left  in.  All  specimens  were  received  in  the  fully 
heat-treated  condition  having  already  been  solution  annealed  and  aged  in 
a steam  environment  by  the  standard  practices  of  816°C  (1500°F)  for  1 
hour  and  482°C  (9008F)  for  4 hours. 

Maraging  steel  launch  and  flight  (Marquardt  and  Norris  Thermador) 
motor  cases,  forward  closures,  and  Ortman  Keys  (Figures  3 through  9)  were 
used  in  the  hydroburst  and  dynamic  burst  tests  and  were  also  furnished  by 
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ARC  in  the  aged  condition.  The  launch  cases  and  forward  closures  were 
machined  from  bar  stock  by  ARC  and  therefore  had  no  cold  working  (strain 
hardening)  associated  with  their  properties.  The  launch  cases  were  also 
"once-fired"  having  been  proof  tested  at  29.992  MPa  (4350  psi)  and  then 
fired  at  -40.1°C  (-40°F)  ambient  or  60°C  (+140°F).  On  the  other  hand, 
the  flight  cases  had  significant  amounts  of  cold  work  left  in  them  after 
the  last  shear  spinning  pass  (Marquardt)  or  deep  draw  (Norris-Thermador) 
which  had  not  been  removed  by  annealing.  The  reason  it  was  not  annealed 
after  the  last  cold  work  cycle  was  because  of  problems  of  dimensional 
tolerance  controls  for  the  very  thin-wall  case  during  heat  treatment. 

The  flight  cases  had  been  proof-tested  at  27.992  MPa  (4060  psi). 

The  equipment  for  the  material  property  evaluation  consisted  of  a 
Tinius  Olsen  tensile  machine  (Figure  10)  and  S-2  type  Tinius  Olsen  exten- 
someter  (2-in.  gauge  length)  for  the  curved  sheet  material  and  an  S-3 
type  extensometer  (1-in.  gauge  length)  for  the  round  bar  specimens.  The 
Tinius  Olsen  tensile  machine  has  a 27,216  kg  (60,000  lb)  capacity,  the 
loads  applied  by  a screw-actuated  moving  crosshead.  The  stress-strain 
curves  were  automatically  plotted  on  the  attached  Model  51  Electronic 
Recorder. 

The  hydroburst  tests  were  conducted  by  using  a hydrostatic  test 
facility  (Figure  11)  constructed  by  the  Propulsion  Directorate.  This 
facility  consists  of  an  air-driven  hydraulic  (water)  pump,  pressure 
transducer,  and  a Model  80A  Mosely  X-Y  strip  recorder  (Figure  12) . 
Fixtures  were  fabricated  for  sealing  the  nozzles  in  the  aft  end  of  the 
launch  case  (Figure  13)  and  the  inner  case  of  the  forward  closure  (Figure 
14)  which  had  previouly  been  modified  (Figure  15)  to  accept  the  fixture. 
The  flight  case  hydroburst  tests  were  conducted  using  a fixture  (Figure 
16)  to  replace  the  nozzle  which  had  an  Ortman  key  and  "0"  ring  slots 
and  through  which  was  drilled  a 4.762mm  (3/16-in.)  pressurization  port. 
The  dynamic  burst  testing  was  accomplished  by  a different  modification 
to  the  forward  closure  inner  case  (Figure  17)  consisting  of  cutting  off 
the  inner  case  and  sealing  a pressure  transducer  (Kistler  Standard  Flush 
Mounting  type)  (Figure  18)  in  the  remaining  stub  with  another  fixture 
(siMlar  to  the  one  in  Figure  14) . A 3700B  Bell  and  Howell  Magnetic 
Analog  Recorder  (Figure  19)  was  used  to  record  the  dynamic  burst  pressure 
as  a function  of  time. 


III.  EXPERIMENTAL  PROCEDURE 

This  investigation  was  divided  into  two  phases  according  to  the 
type  of  test  and  then  subdivided  further  as  to  the  source  and  type  of 
test  specimens  as  follows: 

Phase  I - Mechanical  Property  Evaluation 

a)  Launch  case  tensile  evaluation 

b)  Flight  case  tensile  evaluation 
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Phase  II  - Burst  Strength  Evaluation 

a)  Launch  cases 

L)  Hydroburst 
2)  Dynamic  (hot  gas)  burst 

b)  Flight  cases , Hydroburst 

In  Phase  I,  the  tensile  evaluation  was  performed  using  the  Tinius 
Olsen  tensile  machine  and  the  round  bar  and  curved  sheet  tensile  specimens 
(Figures  1 and  2) . The  testing  was  accomplished  at  a crosshead  rate  of 
5.08  na/rnin  (0.2  in. /min)  and  the  percent  of  elongation  was  determined 
for  a 25.4  am  (1-in.)  gauge  section  for  the  round  bar  launch  case  specimens  and 
for  a 50.8  nm  (2-in.)  gauge  section  for  the  curved  sheet  flight  case  specimens 

In  Phase  II,  the  hydroburst  tests  were  conducted  on  the  facility  of 
Figure  11  using  the  fixtures  and  modification  of  Figures  13  to  15  by 
attaching  the  motor  cases  to  the  pressure  fitting  (Figure  11).  This 
particular  arrangement  was  for  the  launch  case,  but  a similar  one  with 
the  fixture  of  Figure  15  was  used  for  the  flight  case.  Prior  to  loading 
into  the  hydroburst  facility,  the  modified  launch  cases  of  Figure  14 
were  grit  blasted  lightly  inside  to  remove  firing  residue.  They  were 
then  pressure  sealed  by  potting  the  fixture  of  Figure  12  into  the  aft 
end  of  the  case  with  silicone  rubber  and' by  attaching  the  fixture  of 
Figure  13  resulting  in  a test-ready  configuration  (Figure  20).  The 
cases  were  then  filled  with  water,  the  "0"  ring  was  put  in  place  with  a 
small  amount  of  silicone  lubricant,  and  the  closure  was  inserted.  After 
the  closure  was  in  place,  two  retainer  pins  were  pressed  in  to  restrict 
the  closure  from  twisting  radially  with  respect  to  the  case.  Then  the 
Ortman  key  was  driven  in  the  keyway  with  a hammer  (by  hand) . After 
attachment  to  the  hydroburst  test  system,  the  excess  air  was  bled  off 
and  the  motor  placed  in  a bucket  (Figure  21)  to  restrict  debris  at  burst. 
The  hydroburst  pressurlsation  wss  applied  at  a rate  of  5.723  MPa/ sec 
(830  psl/sec)  for  a burst  in  5 to  10  sec  (depending  on  the  burst  level) 
for  the  launch  cases  and  a rate  of  0.793  MPa/ sec  (115  psi/sec)  to  burst 
in  30  to  50  sec  for  the  flight  cases.  The  motor  case  assembly  after  burst 
shows  the  hydraulic  line  still  attached  to  the  closure  (Figure  22). 

Launch  motor  cases  before  and  after  hydroburst  are  shown  in  Figures  23-26. 

The  dynamic  burst  tests  of  Phase  II  were  conducted  by  utilising  the 
modified  launch  motor  case  and  pressure  transducer  of  Figures  17  and  18 
and  then  loading  a charge  of  approximately  0.04  kg  (0.088  lb)  of  HEN-12  carpet- 
roll  propellant  inside  the  motor.  During  static  firing,  the  nossles 
were  almost  completely  blocked  by  a fixture  having  an  asseinbly  of  pins 
which  restricted  the  hot  gas  flow  and  resulted  in  a pressure  rise  to 
burst  in  4 to  5 msec.  The  pressure- time  data  were  recorded  on  the 
Magnetic  Analog  Recorder  of  Figure  19.  Launch  motor  cases  after  dynamic 
burst  testing  are  shown  in  Figures  27  and  28. 


IV.  RESULTS  AND  DISCUSSION 


The  results  of  the  mechanical  property  evaluation  of  Phase  I 
are  shown  in  Tables  1 and  2.  These  results  for  the  launch  case  maraging 
steel  are  completely  typical  for  maraging  steel  bar  stock  heat  treated 
as  this  was.  However,  the  flight  case  steel  properties  are  much  greater 
than  those  required  and  much  greater  than  those  for  maraging  steel  having 
the  optimum  combination  of  strength  and  fracture  toughness.  The  yield 
and  ultimate  tensile  strengths  are  both  very  high  because  a significant 
amount  of  cold  work  was  left  in  the  flight  case  after  the  last  pass  of 
shear  spinning.  Normally,  when  the  additional  strength  due  to  strain 
hardening  is  not  required,  the  worked  part  would  be  fully  annealed  or 
strain  relieved  and  then  heat  treated  by  aging  to  the  desired  strength 
level.  However,  the  STINGER  flight  case  thickness  is  such  a thin  section, 
nominally  0.609  mm  (0.024  in.),  that  tolerance  control  difficulties  pre- 
cluded annealing  after  the  last  shear  spin  pass.  It  was  considered  too 
difficult  to  control  distortion  so  the  decision  was  made  to  accept  the 
increased  strength.  This  has  the  potential  for  fracture  control  problems 
in  that  the  fracture  toughness  (a  measure  of  the  ability  to  tolerate 
structural  defects  like  cracks)  is  so  low  that  should  a defect  develop 
after  proof  testing,  then  catastrophic  failure  could  occur.  Because  the 
flight  case  does  not  have  a man-rating  requirement,  the  occurrence  of 
a catastrophic  failure  means  the  loss  of  the  mission  but  not  injury  or 
loss  of  life.  However,  even  if  no  failure  occurs,  methods  do  exist  to 
demonstrate  that  the  reliability  of  the  flight  system  must  suffer  due  to 
the  extremely  high  strength  because  of  the  increased  likelihood  of  a 
defect  growing  to  a critical  sire  during  the  STINGER  system' s service  life 
and  causing  mission  failure. 

The  results  and  analyses  of  the  dynamics  and  hydrobufst  testing  of 
the  launch  cases  are  presented  in  Tables  3 through  6.  One  of  the  purposes 
of  these  tests  was  to  determine  if  the  strength  of  the  launch  cases  under 
dynamic  conditions  is  higher  than  that  for  hydrotest  conditions.  A 
statistical  analysis  computer  routine  (Appendix  A)  was  utilised  to 
determine  if  there  was  a significant  difference  between  the  two  test 
techniques.  The  detailed  results  are  presented  in  Appendices  B and  C. 

The  results  of  the  analysis  as  seen  in  Tables  4 and  5 indicate  no 
significant  difference.  It  should  be  pointed  out,  however,  that  it  is 
very  likely  the  dynamic  testing  does  significantly  Increase  the  burst 
strength,  but  for  this  population  of  data,  it  will  be  noticed  that  most 
ot  the  0.127 -mm  (0.005-in.)  keys  were  included  in  the  hydroburst  sub- 
population. The  effect  of  the  smaller  radius  key  (to  be  discussed  in  the 
next  paragraph)  is  an  increased  weighting  of  the  average  hydroburst 
results  (Table  5,  Part  2)  to  such  an  extent  that  the  statistical  analysis 
considers  it  insignificant,  concluding  that  there  is  no  difference 
between  hydroteRting  and  dynamic  burst  testing  (Table  5,  Part  1).  The 
0.127-mn  (0.005-in.)  radius  keys  Increase  the  hydroburst  to  such  an 
extent  that  the  large  number  of  data  points  for  these  simply  overwhelm 
the  effect  of  dynamic  testing  which  utilised  mostly  0.254-mn  (0.010-in.) 
keys. 
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Another  purpose  of  these  tests  was  to  determine  if  the  0.127-mm 
(0.005-in.)  Ortman  keys  or  the  0.254-mm  (0.010-ln.)  keys  Increase  the 
burst  pressure  more.  A comparison  of  each  of  these  keys  was  made  and  the 
results  of  the  analysis  are  shown  in  Tables  4 and  6.  The  results  for  the 
0.127-min  (0.005-in.)  key  dynamic  compared  to  the  0.254-mm  (0.010-in.) 
dynamic  (1  to  3)  show  a significant  difference  at  all  levels.  Likewise, 
the  comparison  of  the  0.127-mm  (0.005-in.)  key  hydroburst  to  the  0.254-mm 
(0.010-in)  hydroburst  (2  to  4)  shows  a significant  difference  at  all 
confidence  levels  except  the  99.9%,  This  indicates  that  the  0.127-mm 
(0.005-in.)  key  has  the  greatest  influence  on  Increasing  the  burst 
strength. 

These  results  then  lead  to  the  following  two- fold  conclusion: 

1)  Dynamic  burst  testing  results  in  increased  burst  strength 
compared  to  hydroburst  testing. 

2)  Ortman  Keys  of  0.127-mm  (0.005-in.)  radius  result  in  higher 
bursts  than  0.254-mm  (0.010-in.)  keys. 

However,  the  conclusion  that  dynamic  testing  gives  higher  burst  strengths 
is  clouded  by  the  comparisipn  of  the  0.254-mn  (0.010-in.)  key  dynamic 
burst  to  the  0.254-mm  (0.010-in.)  hydroburst  (3  to  4)  where  no  signifi- 
cant difference  is  shown.  It  is  believed  that  this  is  a further  reflec- 
tion of  the  inferior  performance  of  0.254-mm  (0.010-in.)  keys  which  results 
in  a very  large  standard  deviation  of  11.804  MPa  (1690  psi)  for  the 
hydroburst  results  and  masks  the  true  significant  difference.  Had 
sufficient  data  been  available  for  the  0.254-mm  (0.010-in.)  hydroburst, 
it  would  probably  lend  credence  to  the  conclusion  that  dynamic  testing 
yields  higher  burst  strengths. 

The  flight  case  hydroburst  results  are  presented  in  Table  7;  it  is 
evident  that  any  discussion  and  conclusions  must  of  necessity  be  based  on 
minimal  data.  This  in  turn  causes  some  degree  of  uncertainty,  but  it 
seems  evident  from  the  limited  data  that  the  flight  case  does  have  more 
than  adequate  strength  to  meet  its  operational  requirements.  The  burst 
pressures  40.302  MPa  (5770  psi)  and  40.511  MPa  (5800  psi)  for  Marquardt 
cases  and  the  44.157  MPa  (6322  psi)  for  Norris  cases  are  in  fact  signifi- 
cantly higher  than  those  required  thus  verifying  the  same  results  for 
the  tensile  data  in  Phase  I.  However,  the  low  data  reported  were  a 
result  of  leaking  around  the  threaded  joints  rather  than  burst  emphasiz- 
ing some  Inadequacies  of  the  joint  design.  It  was  determined  that  these 
latter  cases  did  not  have  the  tightened  tolerance  buttress  thread  design 
which  ARC  had  Initiated;  this  accounts  for  the  low  data.  Figure  29  shows 
a Marquardt  shear-spun  flight  case  after  hydroburst;  it  is  evident  from 
the  number  of  missing  pieces  that  shattering  occurred  — further  indi- 
cation of  the  brittleness  or  minimal  fracture  toughness  of  the  case 
material. 
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V.  CONCLUSIONS 


The  following  conclusions  are  listed  based  on  the  results 
obtained  in  this  investigation: 

a)  Dynamic  burst  testing  increases  the  burst  strength  of  the 
launch  case  approximately  10%  compared  to  hydroburst  testing;  however, 
this  conclusion  is  confounded  because  of  the  weighting  influence  of  the 
large  number  of  0.127-mm  (0.005-in.)  hydroburst  data. 

b)  Ortman  keys  with  a 0.127-mm  (0.005-in.)  radius  result  in 
higher  burst  pressures  than  0.254-mm  (0.010-in.)  keys  for  both  the  dynamic 
and  hydroburst  tests. 

c)  The  strength  of  the  flight  case  material  is  significantly 
higher  than  necessary,  as  determined  in  both  the  tensile  specimens  and 
case  hydroburst,  and  results  in  a case  which  is  nonforgiving  to  the 
presence  of  defects  and  could  portend  problems  during  the  service  life 
of  the  system. 

d)  The  specification  for  the  flight  case  should  be  changed 
to  incorporate  a maximum  yield  and  ultimate  tensile  strength  require- 
ment to  alleviate  the  potential  problems  mentioned  in  c)  previously. 
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TABLE  1.  MECHANICAL  PROPERTY  DATA  FOR  LAUNCH 
CASE  MARAGING  STEEL  BAR  STOCK. 


Specimen  | Yield  Strength 
No. 


1909.8  277,000 

1878.8  272,500 
1861.6  270,000 
1882.2  273,000 
1906.4  276,500 


Ultimate  Tensile  I Elongation  I Reduction 


Strength 


(MPa)  (psi) 


287.500 

281.500 

279.000 

278.500 

286.000 


50.8  (2  in.)  I of  Area 


Average  1887.8  273,800  1947.1  282,400 


TABLE  2.  MECHANICAL  PROPERTY  DATA  FOR  MARAGING 
STEEL  FROM  MARQUARDT  FLIGHT  CASE 


Specimen 

Yield  Strength 

Ultimate  Tensile 
Strength 

Elongation 
50.8  mm  (2-in.) 

No. 

(psi) 

(7.) 

MF01 

2306.7 

334,560 

2347.2 

340,440 

1 

MF02 

2283.2 

331,160 

2328.2 

337,680 

1 

MF03 

— 

— 

2254.6 

327,010 

1 

MF04 

2224.9 

322,700 

2259.1 

327,660 

1 

MF05 

2206.3 

320,000 

2272.7 

329,630 

1 

Average 

2255.3 

327,110 

2292.4 

332,480 

1 

i-t 
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TABLE  4.  COMPARISON  OF  HYDROBURST  AND  DYNAMIC  BURST  DATA 


Hvdroburat  Pressure  [0.254-nm,  (0.010-in.)  radius  key] 
Average  a 37.059  MPa,  (5375  psi)  (based  on  2 tests) 
Standard  Deviation  - 11.652  MPa,  (1690  psi) 

Hvdroburst  Pressure  [0.127-nm  (0.005-in.)  radius  key] 

Average  = 54.248  MPa,  (7868  psi)  (based  on  16  tests) 
Standard  Deviation  - 2.220  MPa,  (322  psi) 

Dynamic  Burst  [0.254-nm  (0.010-in.)  radius  key] 

Average  - 44.333  MPa,  (6430  psi)  (based  on  7 tests) 
Standard  Deviation  * 2.489  MPa,  (361  psi) 

Dynamic  Burst  [0.127-mm  (0.010-in.)  radius  key] 

Average  * 59.474  MPa,  (8626  psi)  (based  on  2 tests) 
Standard  Deviation  - 1.482  MPa,  (215  psi) 


TABLE  5.  STATISTICAL  COMPARISON  OF  HYDROBURST  AND  DYNAMIC 
BURST  DATA  FOR  DIFFERENCE  BETWEEN  MEANS 


Dynamic  Burst 

Hydroburst  | 

(MPa) 

(psi) 

(MPa) 

(psi) 

(MPa) 

(psi) 

40.541 

5880 

28.820 

4880 

53.434 

MM 

41.368 

6000 

45.299 

6570 

Esa 

Kg 

45.216 

6558 

48.953 

7100 

1 

■S9 

46.884 

6800 

53.090 

7700 

57.571 

Ksfl 

45.781 

6640 

55.089 

7990 

53.434 

7750 

60.522 

8778 

53.779 

7800 

52.745 

7650 

58.426 

8474 

55.848 

8100 

55.848 

8100 

46.484 

6742 

51.711 

7500 

57.916 

8400 

44.064 

6391 

54.469 

7900 

53.779 

7800 

Mean  - 44.333  MPa, 
(6430  psi) 

Std.  Dev.  -2.489  MPa 
(361  psi) 


Mean  - 52.338  MPa,  (7591  psi) 
Std.  Dev.  = 6.578  MPa,  (954  psi) 
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TABLE  6.  STATISTICAL  COMPARISON  OF  VARIOUS  COMBINATIONS  OF  BURST  TESt 
TYPE  AND  ORTMAN  KEY  TYPE  FOR  DIFFERENCE  BETWEEN  MEANS.. 


1 


! 


1)  Dynamic  Burst,  0.127-mm 
(0,005-in.)  Key* 


(MPa) 

(psi) 

60.522 

(8778) 

58.426 

(8474) 

Mean  - 59.474  MPa  (8626  psi) 
Standard  Deviation  ■ 2.489  MPa 
(361  psi) 

2)  Dynamic  Burst,  0.254-mn 
(0.010-in.)  Key 

(MPs) 

(P«i) 

40.541 

(5880) 

41.368 

(6000) 

45.216 

(6558) 

46.884 

(6800) 

45.781 

(6640) 

46.484 

(6742) 

44.064 

(6391) 

Mean  “ 44.333  MPa  (6430  psi) 


3)  Hydroburat,  0.127-mm 
(0.005-in.)  Key 


(MPa) 

(psi) 

(MPa) 

(psi) 

49.853 

(7100) 

56.192 

(8150) 

53.090 

(7700) 

54.124 

(7850) 

55.089 

(7990) 

57.571 

(8350) 

53.779 

(7800) 

53.434 

(7750) 

55.848 

(8100) 

52.745 

(7650) 

51.711 

(7500) 

55.848 

(8100) 

54.459 

(7900) 

57.916 

(8400) 

53.434 

(7750) 

53.779 

(7800) 

Mean-  54.248 MPa  (7868  psi) 

Standard  Deviation  2. 220  MPa  (322  psi) 

4)  Hydroburst,  0.254-mm 
(0.010-in.)  Ke(y* 

(MPa)  (psi) 

28.820  (4180) 

45.299  (6570) 

Mean  * 37.059  MPa  (5375  psi) 
Standard  Deviation  - 11.652  MPa 
(1690  psi) 


Standard  Deviation  » 2.489  MPa 
(361  psi) 


The 

difference 

of 

1 

and 

2 

is 

significant 

at 

the 

907. 

confidence 

level. 

The 

difference 

of 

1 

and 

2 

is 

significant 

at 

the 

957. 

confidence 

level. 

The 

difference 

of 

1 

and 

2 

is 

significant 

at 

the 

99.! 

97.  confidence  level. 

The 

difference 

of 

1 

and 

3 

is 

significant 

at 

the 

907. 

confidence 

level . 

The 

difference 

of 

1 

and 

3 

is 

significant 

at 

the 

957. 

confidence 

level . 

The 

difference 

of 

1 

and 

3 

is 

significant 

at 

the 

99.97.  conifdence  level. 

The 

difference 

of 

1 

and 

4 

is 

significant 

at 

the 

907. 

confidence 

level. 

The 

difference 

of 

1 

and 

4 

is 

significant 

at 

the 

957. 

confidence 

level. 

The 

difference 

of 

1 

and 

4 

is 

not  significant  at 

the  99.9%  confidence  level . 

The 

difference 

of 

2 

and 

3 

is 

significant  at 

the 

90% 

confidence 

level. 

The 

difference 

of 

2 

and 

3 

is 

significant  at 

the 

95% 

confidence 

level. 

The 

difference 

of 

2 

and 

3 

is 

significant  at 

the 

99.! 

9%  confidence  level. 
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TABLE  6 . (Concluded) 


The  difference  of  2 and  4 la  algnlf leant  at  the  9G7.  confidence  level. 

The  difference  of  2 and  4 la  algnlf leant  at  the  95 % confidence  level. 

The  difference  of  2 and  4 la  not  aigniflcant  at  che  99.91  confidence  level . 

The  difference  of  3 and  4 la  not  aigniflcant  at  the  90%  confidence  level. 

The  difference  of  3 and  4 la  not  algnlf leant  at  the  957.  confidence  level. 

The  difference  of  3 and  4 is  not  significant  at  the  99.9%  confidence  level. 


*It  Is  obvious  that  insufficient  data  (and  considerable  scatter  for  4) 
are  available  for  these  to  prove  statistical  significance;  however, 
these  data  do  seem  to  indicate  a difference  which  should  be  verified 
with  more  data  points. 


TABLE  7.  HYDROBURST  DATA  FOR  FLIGHT  MOTOR  CASES; 


Case  Manufacturer 

Case  Serial  No. 

Burst  Pressure 
(MPa)  (psi) 

1 

Marquardt 

294 

39.782 

(5770) 

Marquardt 

240 

29.509 

(4280) 

2 

Norris -Thermador^ 
Norris-Thermador 

096 

26.200 

(3800) 

156 

33.095 

(4800) 

3 

Marquardt 

— 

39.989 

(5800) 

Marquardt 

— 

28.576 

(4145) 

Norris-Thermador2 3 4 5 

— 

31.847-43.588 

(4619-6322) 

1.  Leaked  during  first  attempt  sl  nozzle  fixture  "0"  ring  at  30.337 
MPa  (4400  psi)  and  at  the  forward  closure  "0"  ring  on  the  second 
attempt  at  35.646  MPa  (5170  psi).  Third  attempt  using  oversize  "0" 
rings  resulted  in  burst  in  cylindrical  section. 

2.  Failed  at  forward  closure  by  expanding  over  threaded  area  allowing 
closure  to  eject  and  strip  the  threaded  joint  slightly  thus  pre- 
venting further  pressurization  tests. 

3.  ARC  tests. 

4.  ARC  test  which  had  a pressure  leak  similar  to  2 (mentioned  previously)  . 

5.  ARC  tests  of  five  cases. 
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Figure  3.  Launch  motor  case 


Figure  6.  Flight  motor  case 


Figure  9.  Flight  retaining  Ortman  key, 
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sure  14.  Pressure  seal  fixture  for  launch  inner  case 


FLUSH  MOUNTING 
(STANDARD) 


Kistler  standard  flush  mounting  pressure  transducer 
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Launch  motor  case  ready  for  hydroburst 
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Figure  26.  Launch  motor  cases  (S/N  052,  048,  and  038)  after  hydroburst 


Figure  27.  Launch  motor  case  (S/N  022)  after  dynamic  burst 
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Appendix  B.  PRINTOUT  OF  STATISTICAL  COMPARISON  OF  DYNAMIC  BURST 
DATA  TO  HYDROBURST  DATA 
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Appendix  C.  PRINTOUT  OF  STATISTICAL  COMPARISON  OF  VARIOUS 
COMBINATIONS  OF  DIFFERENT  TYPES  OF  BURST  AND 
ORTMAN  KEY  DATA. 
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